EP 2 645 567 A2

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
02.10.2013 Bulletin 2013/40

(21) Application number: 13152543.8

(22) Date of filing: 24.01.2013

(11) EP 2 645 567 A2

EUROPEAN PATENT APPLICATION

(51) IntCl.:
HO03G 3/30 (2006.01)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 30.03.2012 JP 2012081383

(71) Applicant: Kabushiki Kaisha Toshiba
Tokyo 105-8001 (JP)

(72) Inventor: Okuhara, Kentaro
Tokyo 105-8001 (JP)

(74) Representative: Henkel, Breuer & Partner
Patentanwalte
Maximiliansplatz 21
80333 Miinchen (DE)

(54) Volume control apparatus

(67)  Avolume control apparatus includes a first am-
plification section configured to change an amplification
factor of main audio based on a volume operation by a
user and a second amplification section configured to
amplify, during a main audio and sub-audio input period
when the amplification factor of the main audio is equal
to or lower than a first amplification factor, the sub-audio

with a second amplification factor which is higher than
the first amplification factor, and amplify, when the am-
plification factor of the main audio is a third amplification
factor which is higher than the first amplification factor,
the sub-audio with a fourth amplification factor which is
higher than the second amplification factor and which
changes depending on the third amplification factor.
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Description
FIELD

[0001] An embodiment described herein relates gen-
erally to a volume control apparatus.

BACKGROUND

[0002] Inrecentyears, remarkable progress has been
made in techniques for processing video and audio digital
signals, which has been accompanied by realization of
digital broadcasting and system development for promot-
ing notonly broadcasting but also use of services through
communication. Furthermore, such television receivers
are also conceived that are equipped with notonly a func-
tion of processing and displaying video content acquired
through broadcast reception or the like (hereinafter re-
ferred to as"TV function") but also a function of accessing
the Internet and executing various applications, enabling
users to access the Internet and engage in conversation
using a Skype (registered trademark) telephone.
[0003] In such television receivers, audio in video con-
tent is outputted as main audio and incoming audio in a
Skype telephone is outputted as sub-audio. Such televi-
sion receivers are configured to be able to receive an
incoming call in the Skype telephone even while viewing
video content.

[0004] In this case, a volume setting for a ring tone of
the Skype telephone may be considered the same as a
volume setting for main audio based on the video content.
In such a case, when sub-audio such as the ring tone of
the Skype telephone is superimposed on the main audio
based on the video content and acoustically outputted,
the presence of the main audio may make it difficult to
hear the ring tone.

[0005] However, no apparatus has been convention-
ally developed which could automatically adjust the vol-
ume of sub- audio to an optimum volume with respect to
the volume of main audio.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

Fig. 1is a block diagram illustrating a volume control
apparatus according to an embodiment of the
present invention;

Fig. 2 is a block diagram illustrating a television re-
ceiver incorporating the volume control apparatus of
the present embodiment; and

Fig. 3A and Fig. 3B are waveform diagrams illustrat-
ing operation of the embodiment.

DETAILED DESCRIPTION

[0007] Hereinafter, an embodiment of the present in-
vention will be described in detail with reference to the
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drawings. Fig. 1 is a block diagram illustrating a volume
control apparatus according to an embodiment of the
present invention. Fig. 2 is a block diagram illustrating a
television receiver incorporating the volume control ap-
paratus of the present embodiment.

[0008] Referring to Fig. 2, a television receiver 41 in-
corporating the volume control apparatus of the present
embodiment will be described first. Note that the present
embodiment is applicable not only to a television receiver
but also to a variety of apparatuses handling audio sig-
nals.

[0009] In Fig. 2, in addition to a television signal in-
duced to an antenna 42, a signal from a video phone
apparatus 43 is also inputted to the television receiver
41. The video phone apparatus 43 may be incorporated
in the television receiver 41. The video phone apparatus
43 transmits/receives a video phone signal via a network
(not shown) such as the Internet. Fig. 2 shows only an
input system from the video phone apparatus 43. A video
signal and audio signal such as a ring tone and sound of
audio from the video phone apparatus 43 are inputted to
a pre-stage module 46 via an external input terminal 45.
Furthermore, the video phone apparatus 43 generates a
sub-audio period signal indicating a period during which
aring tone is generated and outputs the sub-audio period
signal to a control section 11.

[0010] A tuner 44 tunes/processes a broadcasting sig-
nal of satellite broadcasting such as BS broadcastingand
CS broadcasting, terrestrial broadcasting or the like and
outputs avideo signal and audio signalbased onreceived
video content to the pre-stage module 46. The tuner 44
can also receive a signal from a communication channel
such as a cable TV channel.

[0011] The pre-stage module 46 receives a plurality of
video signals/audio signals or the like from the tuner 44
and the external input terminal 45 as input, selects any
one of video signals/audio signals and performs pre-
stage processing. The pre-stage module 46 has, for ex-
ample, an A/D conversion function of converting an an-
alog video signal to a digital signal and a chroma format
conversion function of performing chroma format conver-
sion. The pre-stage module 46 outputs the video signal
after the pre-stage processing to a video processing sec-
tion 48 of a decoding section 47 and outputs the audio
signal to a decoding DSP 20.

[0012] The video processing section 48 decodes the
inputted video signal and then applies predetermined vid-
eo signal processing thereto. The video signal from the
decoding section 47 is outputted to a display panel 49
as a display video signal. Thus, video based on video
content and video based on the video phone are dis-
played on a display screen of the display panel 49.
[0013] On the other hand, the decoding DSP 20 to-
gether with a post-processing DSP 17 applies decoding
processing, volume control processing, predetermined
audio signal processing or the like to the inputted audio
signal and then outputs the processed audio signal to a
speaker 35. Thus, the speaker 35 acoustically outputs
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audio based on the video content and audio based on
the video phone.

[0014] The control section 11 controls the pre-stage
module 46, the decoding section 47 and the post-
processing DSP 17. In the present embodiment, it is
thereby possible to automatically adjust the volume of
sub-audio to an optimum volume with respect to the vol-
ume of main audio.

[0015] Japanese Patent Application Laid-Open Publi-
cation No. 2006-184423 (hereinafter referred to as "Doc-
ument 1 ") discloses an apparatus that performs volume
control mainly in a car navigation system. The apparatus
according to Document 1 is provided with a DSP that
operates through software processing and an electronic
volume circuit. While no guide audio signal is inputted,
the apparatus according to Document 1 performs volume
control over main audio through the electronic volume
circuit. On the other hand, while a guide audio signal is
inputted, the apparatus performs volume control over
main audio through the DSP, mixes the guide audio sig-
nal with the volume-adjusted main audio and then per-
forms volume control over the whole signal through the
electronic volume circuit.

[0016] However, since the apparatus according to
Document 1 mixes sub- audio with the volume- adjusted
main audio, volume control using the electronic volume
is necessary to perform variable control over the volume
of sub- audio, instead of a specific volume. However,
since the volume of main audio is also changed by this
control, it is necessary to also perform volume control
over the DSP according to volume control over the elec-
tronic volume to adjust the main audio and sub- audio to
desired volumes, which results in a problem that the
processing becomes complicated.

[0017] On the other hand, Japanese Patent Applica-
tion Laid-Open Publication No. 2011-149852 (hereinafter
referred to as "Document 2") discloses a navigation ap-
paratus that simply and speedily sets the volume of guide
audio to a desired value. The apparatus according to
Document 2 is provided with control means for perform-
ing control to change the volume of guide audio for path
guiding means by a variation corresponding to the
amount of operation of volume adjustment operating
means for a period of guide audio output by the path
guiding means. With the apparatus according to Docu-
ment 2, when a user misses hearing sub-audio, the vol-
ume of sub-audio is reset through user operation. This
allows the user to hear sub-audio with the reset audio.
[0018] However, with the apparatus according to Doc-
ument 2, the user needs to manually adjust the volume
of sub- audio to hear sub- audio with a desired volume,
which is a complicated operation.

[0019] In contrast, according to the present embodi-
ment, the user needs only to perform volume control over
main audio based on video content. In the present em-
bodiment, the volume of sub-audio is set so as to be
changed in a predetermined relation to main audio and
the volume of sub-audio is always automatically adjusted
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to an optimum volume.

[0020] InFig. 1, mainaudio and sub-audio are inputted
to the decoding DSP 20. The main audio is, for example,
audio corresponding to video content displayed by a tel-
evision receiver or sound of audio of a video phone. For
example, the main audio is an audio signal of the MPEG2
AAC standard and a main audio decoding section 21
decodes the inputted main audio and outputs, for exam-
ple, a PCM standard audio signal.

[0021] On the other hand, the sub-audio is an audio
signal inputted independently of the main audio and is,
for example, a ring tone of a video phone. A sub-audio
decoding section 22 decodes the inputted sub-audio and
outputs, for example, a PCM standard audio signal. Note
that when a PCM standard signal is inputted as the sub-
audio, the decoding DSP 20 outputs the inputted PCM
standard signal as is.

[0022] The audio signal from the main audio decoding
section 21 is supplied to an amplifier 24 of a combining
section 23 and the audio signal from the sub-audio de-
coding section 22 is supplied to an amplifier 25 of the
combining section 23. With amplification factors control-
led by amplification control signals from the control sec-
tion 11, the amplifiers 24 and 25 amplify main audio and
sub-audio respectively, and output the amplified audio.
The outputs of the amplifiers 24 and 25 are supplied to
an adder 26, and the adder 26 adds up the main audio
and sub-audio from the amplifiers 24 and 25 and outputs
the addition result.

[0023] The control section 11 can control amplification
factors of the amplifiers 24 and 25 independently and the
combining section 23 amplifies the inputted main audio
and sub-audio based on the amplification control signal
from the control section 11, combines the amplified main
audio and sub-audio and outputs the combined audio.
[0024] The audio signal from the combining section 23
is supplied to a post-processing section 31 in a post-
processing DSP 30. The post-processing section 31 ap-
plies predetermined audio signal processing, for exam-
ple, sound quality improvement processing to the input-
ted audio signal. The audio signal from the post-process-
ing section 31 is given to an amplifier 32. The amplifier
32 which is a master amplification section amplifies the
audio signal inputted based on an amplification control
signal from the control section 11 and outputs the ampli-
fied audio signal to a speaker 35. Thus, the speaker 35
acoustically outputs the main audio, sub-audio or a com-
bined audio of main audio and sub-audio.

[0025] In the present embodiment, the amplification
factors of the respective amplifiers 24 and 25 of the com-
bining section 23 and the amplification factor of the am-
plifier 32 of the post-processing DSP 30 are controlled
by the control section 11. The control section 11 sets
amplification control signals to be given to the amplifiers
24 and 25, and the amplifier 32 as appropriate to thereby
automatically adjust the volume of sub-audio to an opti-
mum value in accordance with the volume of main audio.
[0026] The control section 11 receives a sub-audio pe-
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riod signal indicating the period during which sub-audio
is inputted. When, for example, the sub-audio is a ring
tone of a video phone, the sub-audio period signal indi-
cates a ring tone input period. The control section 11
receives a volume operation signal based on a volume
operation by the user as input. Note that the volume op-
eration by the user is intended to control the volume of
audio or sound of audio corresponding to video content
currently being watched.

[0027] In the present embodiment, the control section
11 controls the volume of main audio in accordance with
avolume operation by the user and also performs volume
control over sub-audio based on the volume control over
main audio.

[0028] For a period during which sub-audio is not in-
putted and only main audio is inputted (hereinafter re-
ferred to as "main audio period"), the control section 11
controls the amplification factor of the amplifier 32 of the
post-processing DSP 30 based on the volume operation
by the user and, thereby performs amplification process-
ing on the main audio so that the volume of main audio
is a volume the use desires.

[0029] On the other hand, for a period during which
both main audio and sub-audio are inputted (hereinafter
referred to as "main and sub-audio period"), the control
section 11 controls the amplification factor of the amplifier
24 of the combining section 23 of the decoding DSP 20
and the amplification factor of the amplifier 32 of the
post-processing DSP 30 in accordance with the volume
operation by the user, and thereby controls the volume
of main audio so as to be a volume the use desires.
[0030] Furthermore, for the main and sub- audio peri-
od, the control section 11 automatically adjusts the am-
plification factor of the amplifier 25 of the combining sec-
tion 23 of the decoding DSP 20 based on the amplification
factors of the amplifier 24 and amplifier 32, that is, a total
amplification factor corresponding to the main audio, and
thereby automatically adjusts the volume of sub- audio
appropriately to ensure that the user hears sub- audio
such as a ring tone.

[0031] To enable such control, the control section 11
performs the following controls (a) to (d) for the main and
sub-audio period. (a) The amplification factor of the am-
plifier 32 of the post-processing DSP 30 is set to a suffi-
ciently high fixed amplification factor so as to set the vol-
ume of sub-audio to a sufficient volume. Furthermore,
the amplification factor of the amplifier 25 of the combin-
ing section 23 of the decoding DSP 20 is set to a prede-
termined amplification factor. Thus, the total amplification
factor of sub-audio is set to afixed first amplification factor
or a second amplification factor (variable) equal to or
higher than the first amplification factor.

[0032] That is, when the total amplification factor of
main audio for the main audio period is equal to or lower
than a fixed third amplification factor (first amplification
factor > third amplification factor), the total amplification
factor of sub-audio is set to the first amplification factor,
and when the total amplification factor of main audio for
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the main audio period is a fourth amplification factor (var-
iable) equal to or higher than the third amplification factor
(second amplification factor > fourth amplification factor),
the total amplification factor of sub-audio is set to the
second amplification factor. This allows the output vol-
ume of the sub-audio to be set to equal to or higher than
a predetermined volume. Note that the second to fourth
amplification factors may also be set to a predetermined
value.

(b) When the amplification factor of the amplifier 32 of
the post-processing DSP 30 is increased through the
control (a), the total amplification factor of main audio at
the start of the main and sub-audio period is maintained
by reducing the amplification factor of the amplifier 24
of the combining section 23. Thus, if there is no volume
operation by the user, the volume of main audio does not
change between the main audio period and the main and
sub-audio period.

[0033] The control (a)and (b) allows the volume of sub-
audio to be set to a volume equal to or higher than a
maximum volume estimated for main audio.

(c) When the user performs volume operation to in-
crease the volume of main audio after the main and
sub-audio period starts, the amplification factor of
the amplifier 24 of the combining section 23 is in-
creased in response to this volume operation.

(d) As a result of the control (c), if the total amplifi-
cation factor of main audio becomes the fourth am-
plification factor which is higher than the third ampli-
fication factor, the amplification factor of the amplifier
25 is increased by (fourth amplification factor minus
third amplification factor) and the total amplification
factor of sub-audio is set to the variable second am-
plification factor.

[0034] Note thatthe first and third amplification factors
may be configured to be changeable based on the user
operation.

[0035] Next, the operation of the embodiment in such
a configuration will be described with reference to wave-
form diagrams in Fig. 3A and Fig. 3B. Fig. 3A shows the
control over the amplification factors of the respective
amplifiers 24, 25 and 32, and Fig. 3B shows the total
amplification factor of main audio and sub- audio.
[0036] Suppose the user is watching a video content
tuned by the tuner 44. The decoding DSP 20 receives
main audio based on the video content currently being
watched by the user. Furthermore, suppose the sub-au-
dio period signal indicates that sub-audio is not inputted.
In this case, the control section 11 sets a predetermined
amplification factor in the amplifier 24 of the combining
section 23 and also sets an amplification factor in the
amplifier 32 of the post-processing DSP 30 based on the
volume operation by the user.

[0037] Thus, for the main audio period, the amplifica-
tion factor of the amplifier 32 of the post- processing DSP
30is controlled through the volume operation by the user
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and main audiois acoustically outputted from the speaker
35 with a volume corresponding to the volume operation
by the user.

[0038] Here, suppose a call arrives at the video phone
apparatus 43 and a ring tone of the video phone is input-
ted to the decoding DSP 20 as sub- audio at time t1 in
Fig. 3A and Fig. 3B. When the sub- audio period signal
indicates that the sub- audio period starts, the control
section 11 sets the amplification factor of the amplifier
32 to a predetermined fixed amplification factor to secure
a sufficient volume of sub- audio. Furthermore, the con-
trol section 11 increases the amplification factor of the
amplifier 25 of the combining section 23 of the decoding
DSP 20 so that the total amplification factor of sub- audio
becomes higher than the total amplification factor of main
audio.

[0039] Furthermore, the control section 11 changes
the amplification factor of the amplifier 24 so that the total
amplification factor of main audio becomes constant be-
fore and after the sub- audio input. In the example in Fig.
3A and Fig. 3B, the amplification factor of the amplifier
32isincreased on one hand, and the amplification factor
of the amplifier 24 is decreased on the other so that the
total amplification factor of main audio becomes con-
stant.

[0040] In the example of Fig. 3A and Fig. 3B, the total
amplification factor of main audio before time t1 is equal
to or lower than the third amplification factor and the con-
trol section 11 sets the total amplification factor of sub-
audio of the amplifiers 32 and 25 to the first amplification
factor. When the total amplification factor of main audio
before time t1 is the fourth amplification factor which is
higher than the third amplification factor, the control sec-
tion 11 sets the total amplification factor of sub-audio of
the amplifiers 32 and 25 to the second amplification factor
which is higher than the first amplification factor.

[0041] That is, when the main and sub-audio period
starts, the total amplification factor of sub-audio becomes
an amplification factor which is sufficiently high and high-
er than the total amplification factor of main audio, and
further becomes an amplification factor higher than the
total amplification factor of main audio by a predeter-
mined amount or more. Because of this, when the main
and sub-audio period starts, the volume of sub-audio be-
comes a volume which is sufficiently high and higher than
the volume of main audio, and can further be set to a
volume higher than the volume of main audio by a pre-
determined amount or more.

[0042] Next, suppose the user performs operation to
increase the volume of main audio at timing of time t2
based on video content currently being watched. The
control section 11 increases the amplification factor of
the amplifier 24 in accordance with the volume operation
by the user. Thus, the total amplification factor of main
audio also increases.

[0043] However, since the total amplification factor of
sub- audio is set to a sufficiently high value, the control
section 11 maintains the amplification factors of the am-
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plifiers 32 and 25 even when the volume operation on
main audio starts and does not change the total amplifi-
cation factor of sub- audio.

[0044] However, when the total amplification factor of
main audio exceeds the third amplification factor to be-
come the fourth amplification factor through the volume
operation by the user, the control section 11 increases
the amplification factor of the amplifier 25 following the
change of the amplification factor of the amplifier 24. Fig.
3A and Fig. 3B show that the total amplification factor of
main audio exceeds the third amplification factor at time
t3 and the control section 11 changes the amplification
factor of the amplifier 25 so that the difference in the total
amplification factor between main audio and sub- audio
becomes (first amplification factor minus third amplifica-
tion factor) . Note that since the amplifier 32 is set to a
fixed amplification factor during the main and sub- audio
period, it is easy to control the amplification factor of the
amplifier 25.

[0045] Fig. 3A and Fig. 3B show that the volume op-
eration by the user ends at time t4. The control section
11 stops the change of the amplification factor of the am-
plifier 24 and at the same time also stops the change of
the amplification factor of the amplifier 25. Thus, the dif-
ference in the total amplification factor between main au-
dio and sub-audio is kept to (first amplification factor mi-
nus third amplification factor).

[0046] Here, suppose the call for the video phone ap-
paratus 43 stops and the sub- audio input stops at time
t5. Upon detecting through the sub- audio period signal
that the sub- audio input stops, the control section 11
stops the amplification of the amplifier 25 and controls
the amplification factors of the amplifiers 24 and 32 so
that the total amplification factor of main audio does not
change. This causes the amplification factor of main au-
dio to remain unchanged before and after returning to
the main audio period.

[0047] Note that when the user operates the video
phone apparatus 43 to respond to the call of the video
phone, video of the video phone is supplied to the video
processing section 48 and sound of audio of the video
phone is supplied to the decoding DSP 20 as main audio.
Inthis case, the volume control over main audio may also
be similar to that in Fig. 3A and Fig. 3B. That is, when
the user responds to the video phone, sound of audio is
acoustically outputted as main audio with a volume based
on the volume operation by the user, whereas when the
ring tone stops without the user responding to the video
phone, audio based on the video content is acoustically
outputted as main audio with a volume based on the vol-
ume operation by the user.

[0048] Fig.3A andFig. 3B describe the example where
the user performs operation of increasing the volume,
but even when the user performs operation of decreasing
the volume, the control over the amplification factor
shown in Fig. 3A and Fig. 3B is performed in accordance
with the total amplification factor of main audio.

[0049] Thus, the present embodiment can set sub- au-
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dio to a sufficient volume, and even when the volume of
main audio is relatively high, the present embodiment
can set the volume of sub- audio to a volume equal to or
higher than that. Since the volume of sub- audio can be
automatically adjusted to an optimum volume with re-
spect to the volume of main audio, the user can hear sub-
audio reliably even when main audio and sub- audio are
acoustically outputted simultaneously. Moreover, the us-
er needs only to perform volume operation for main audio
and need not perform complicated operation to reliably
hear sub- audio.

[0050] Furthermore, since the amplification factor of
the master amplification section is set to a fixed amplifi-
cation factor for the main audio and sub- audio input pe-
riod, it is possible to use only one type of control pattern
of amplification factors of main audio and sub- audio, and
thereby simplify processing.

[0051] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Claims
1. A volume control apparatus comprising:

afirstamplification section configured to change
an amplification factor of main audio based on
a volume operation by a user; and

asecond amplification section configured to am-
plify, during a main audio and sub-audio input
period when the amplification factor of the main
audiois equalto orlower than afirstamplification
factor, the sub-audio with a second amplification
factor which is higher than the first amplification
factor, and amplify, when the amplification factor
of the main audio is a third amplification factor
which is higher than the first amplification factor,
the sub-audio with a fourth amplification factor
which is higher than the second amplification
factor and which changes depending on the third
amplification factor.

2. The volume control apparatus according to claim 1,
wherein the first amplification section comprises a
main audio amplification section configured to am-
plify the main audio and a master amplification sec-
tion configured to amplify a combined tone of the
main audio and the sub-audio, and
the second amplification section comprises a sub-
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audio amplification section configured to amplify the
sub-audio and the master amplification section.

The volume control apparatus according to claim 2,
wherein the first amplification section amplifies the
main audio through the master amplification section
during a period in which only the main audio is in-
putted, and

the first amplification section increases the amplifi-
cation factor of the master amplification section and
reduces the amplification factor of the main audio
amplification section during the main audio and sub-
audio input period.

The volume control apparatus according to claim 2,
wherein when the amplification factor of the master
amplification section increases at a start of the main
audio and sub-audio input period, the main audio
amplification section reduces the amplification factor
for the main audio and maintains the volume of the
main audio at the start of the main audio and sub-
audio input period.

The volume control apparatus according to claim 2,
wherein the main audio amplification section chang-
es the amplification factor of the main audio based
on the volume operation by the user during the main
audio and sub-audio input period.

The volume control apparatus according to claim 3,
wherein the main audio amplification section chang-
es the amplification factor of the main audio based
on the volume operation by the user during the main
audio and sub-audio input period.

The volume control apparatus according to claim 5,
wherein when the amplification factor of the main
audio by the main audio amplification section and
the master amplification section becomes the third
amplification factor which is higher than the first am-
plification factor through a volume operation by the
user during the main audio and sub-audio input pe-
riod, the sub-audio amplification section increases
the amplification factor of the sub-audio amplification
section by (the third amplification factor minus the
first amplification factor) and sets the amplification
factor of the sub-audio to the variable fourth ampli-
fication factor.

The volume control apparatus according to claim 6,
wherein when the amplification factor of the main
audio by the main audio amplification section and
the master amplification section becomes the third
amplification factor which is higher than the first am-
plification factor through a volume operation by the
user during the main audio and sub-audio input pe-
riod, the sub-audio amplification section increases
the amplification factor of the sub-audio amplification
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section by (the third amplification factor minus the
first amplification factor) and sets the amplification
factor of the sub-audio to the variable fourth ampli-
fication factor.

The volume control apparatus according to claim 2,
wherein during the main audio and sub-audio input
period, the sub-audio amplification section amplifies
the sub-audio with a fixed amplification factor when
the amplification factor of the main audio is equal to
orlower than the first amplification factor, and chang-
es the amplification factor of the sub-audio according
to the change of the amplification factor of the main
audio when the amplification factor of the main audio
is a third amplification factor which is higher than the
first amplification factor.

The volume control apparatus according to claim 3,
wherein during the main audio and sub-audio input
period, the sub-audio amplification section amplifies
the sub-audio with a fixed amplification factor when
the amplification factor of the main audio is equal to
orlower than the first amplification factor, and chang-
es the amplification factor of the sub-audio according
to the change of the amplification factor of the main
audio when the amplification factor of the main audio
is a third amplification factor which is higher than the
first amplification factor.

The volume control apparatus according to claim 5,
wherein during the main audio and sub-audio input
period, the sub-audio amplification section amplifies
the sub-audio with a fixed amplification factor when
the amplification factor of the main audio is equal to
orlower than the first amplification factor, and chang-
es the amplification factor of the sub-audio according
to the change of the amplification factor of the main
audiowhen the amplification factor of the main audio
is a third amplification factor which is higher than the
first amplification factor.

The volume control apparatus according to claim 6,
wherein during the main audio and sub-audio input
period, the sub-audio amplification section amplifies
the sub-audio with a fixed amplification factor when
the amplification factor of the main audio is equal to
orlower than the first amplification factor, and chang-
es the amplification factor of the sub-audio according
to the change of the amplification factor of the main
audio when the amplification factor of the main audio
is a third amplification factor which is higher than the
first amplification factor.
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